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ASSESSMENT OF HYDRAULIC BACKFILLING I N  

METAL MINES WITHIN THE STATE OF IDAHO 

INTRODUCTION 

I n  J u l y  o f  1985,  t h e  s t a t e  of I d a h o  a c q u i r e d  p r imacy  o v e r  

t h e  Underground I n j e c t i o n  C o n t r o l  ( U I C )  p rogram f rom t h e  U.S. 

Env i ronmen ta l  P r o t e c t i o n  Agency (EPA) , t o  be a d m i n i s t e r e d  by t h e  

I d a h o  Department  of  Water  R e s o u r c e s  ( I D W R ) .  Under t h e  c u r r e n t  

r e g u l a t i o n s ,  o n l y  C l a s s  V i n j e c t i o n  wells  may b e  o p e r a t e d  w i t h i n  

t h e  s t a t e .  T h i s  c l a s s  of i n j e c t i o n  w e l l s  e s s e n t i a l l y  encompasses  

a l l  non-hazardous  i n j e c t i o n  p r a c t i c e s  t h a t  d o  n o t  s a t i s f y  t h e  

e s t a b l i s h e d  c r i t e r i a  f o r  C l a s s e s  I t h r o u g h  I V .  

I n  a c c o r d a n c e  w i t h  f e d e r a l  U I C  r e g u l a t i o n s ,  t h e  s t a t e  ( I D W R )  

i s  t o  c o n d u c t  i n i t i a l  i n v e n t o r i e s  and a s s e s s  t h e  p o t e n t i a l  

e n v i r o n m e n t a l  impac t  f o r  e a c h  s u b c l a s s  of C l a s s  V w e l l s .  Of 

t h e s e  v a r i o u s  s u b c l a s s e s ,  m i n i n g ,  s a n d  o r  o t h e r  b a c k f i l l  wells  

(VX13) have been  s p e c i f i c a l l y  a d d r e s s e d  i n  t h i s  r e p o r t .  T h i s  

s u b c l a s s ,  a s  d e f i n e d  by EPA, a r e  w e l l s  "used  t o  i n j e c t  a  m i x t u r e  

of  w a t e r  and s a n d ,  m i l l  t a i l i n g s  and o t h e r  s o l i d s  i n t o  mined o u t  

p o r t i o n s  of s u b s u r f a c e  mines .  . . ." A s  i m p l i e d ,  e a c h  b a c k f i l l e d  

s t o p e  i s  c o n s i d e r e d  to be  a  w e l l .  

Many t e r m s  t h a t  have  been  u s e d  i n  t h e  mining  i n d u s t r y  

b e t t e r  d e s c r i b e  t h i s  i n j e c t i o n  p r a c t i c e  t h a n  t h e  EPA a s s i g n e d  

t i t l e  of "min ing ,  s a n d  o r  o t h e r  b a c k f i l l  w e l l s . "  Some of t h e s e  

terms i n c l u d e  " h y d r a u l i c  b a c k f i l l i n g , "  " sand  b a c k f i l l i n g "  and 

" h y d r a u l i c  s towing . "  H y d r a u l i c  b a c k f i l l i n g  h a s  been used  u n i v e r -  

s a l l y  t h r o u g h o u t  t h i s  r e p o r t  because  i t  mos t  a c c u r a t e l y  and 

c l e a r l y  r e f l e c t s  t h e  a c t u a l  i n j e c t i o n  p r a c t i c e .  

DESCRIPTION OF HYDRAULIC BACKFILLING 

B a s i c  Mining O p e r a t i o n s  

The h o r i z o n t a l  c u t  and f i l l  method,  e i t h e r  t i m b e r e d  o r  

u n t i m b e r e d ,  depend ing  on ground c o n d i t i o n s ,  i s  t y p i c a l l y  used  i n  

min ing  a r e a s  where o r e  d e p o s i t s  o c c u r  i n  nar row,  n e a r l y  v e r t i c a l  

v e i n s .  When a  r e a d y  s u p p l y  of  m i l l  t a i l i n g s  is  a v a i l a b l e ,  t h i s  



m i n i n g  method is  f r e q u e n t l y  used  i n  c o n j u n c t i o n  w i t h  t h e  

h y d r a u l i c  b a c k f i l l  p r a c t i c e .  The g e n e r a l i z e d  sequence  of 

deve lopmen t  u t i l i z i n g  t h i s  min ing  method a r e  a s  f o l l o w s :  

T u n n e l - l i k e  p a s s a g e s  a r e  d r i v e n  f rom e a c h  l e v e l  s t a t i o n  

t o  t h e  o r e  v e i n .  They a r e  e i t h e r  termed l a t e r a l s ,  

d r i f t s ,  o r  c r o s s c u t s  d e p e n d i n g  on t h e i r  o r i e n t a t i o n  to 

t h e  v e i n .  

A t  p r e d e t e r m i n e d  i n t e r v a l s ,  a  r a i s e  is  advanced  i n  a  

v e r t i c a l  d i r e c t i o n  a l o n g  t h e  o r e  body. 

Using t h e  i n i t i a l  r a i s e  deve lopmen t  a s  a  p l a t f o r m ,  t h e  

o r e  is d r i l l e d ,  b l a s t e d ,  and  s c r a p e d  t o  t h e  o r e  c h u t e  i n  

a  series of 6  to 8 f o o t  h i g h  h o r i z o n t a l  c u t s .  

A f t e r  e a c h  h o r i z o n t a l  c u t  i s  c l e a n e d  of a l l  o r e ,  

c l a s s i f i e d  m i l l  t a i l i n g s  a r e  h y d r a u l i c a l l y  t r a n s p o r t e d  

f rom t h e  s u r f a c e  t o  t h e  open  p o r t i o n  of t h e  s t o p e .  

F i g u r e  1 i l l u s t r a t e s  t h e  g e n e r a l  min ing  p r o g r e s s i o n  f rom 

t h e  i n i t i a l  s u b s u r f a c e  o r e  r e c o v e r y  t h r o u g h  t o  t h e  f i n a l  ore 

e x t r a c t i o n  p r o c e s s .  

G e n e r a l  P rocedure  Used 

F o l l o w i n g  t h e  o r e  e x t r a c t i o n  o r  m i l l i n g  p r o c e s s ,  t h e  

t a i l i n g s  a r e  c l a s s i f i e d  a c c o r d i n g  to p a r t i c l e  s i z e  i n  d e v i c e s  

known a s  hydrocyc lones .  The c o a r s e r  f r a c t i o n  is d e w a t e r e d  o r  

t h i c k e n e d  and t h e n  s t o r e d  f o r  f u t u r e  u s e  a s  b a c k f i l l  m a t e r i a l .  

G e n e r a l l y ,  i t  c o n s i s t s  of  a round  90 p e r c e n t  by w e i g h t  of pa r -  

t i c l e s  g r e a t e r  t h a n  325 mesh (McNay, e t  a l . ,  1 9 7 5 ) .  About  50 

t o  60 p e r c e n t  by w e i g h t  of  t h e  rock  b r o u g h t  t o  t h e  s u r f a c e  is 

r e t u r n e d  to  t h e  s t o p e s  ( W a h l e r ,  1 9 7 6 ) .  The r ema in ing  f i n e  

f r a c t i o n  of  t h e  t a i l i n g s  o r  "slimes" is d i s c h a r g e d  t o  t h e  

t a i l i n g s  pond. 

When a  s t o p e  i s  r e a d y  t o  be b a c k f i l l e d ,  t h e  c l a s s i f i e d  

t a i l i n g s  a r e  mixed w i t h  w a t e r  t o  form a  s l u r r y .  The b a c k f i l l  

s l u r r y  is then  h y d r a u l i c a l l y  t r a n s p o r t e d  to t h e  s t o p e ,  u s u a l l y  by 

means of g r a v i t y ,  a l t h o u g h  pumps a r e  o c c a s i o n a l l y  u s e d  when t h e  

s t o p e s  o c c u r  a t  h i g h e r  e l e v a t i o n s  t h a n  t h e  b a c k f i l l  s t o r a g e  a r e a .  

Upon emplacement  i n  a  s t o p e ,  t h e  f i n a l  s l u r r y  d e n s i t y  c o n s i s t s  of  



Figure I- Flow Chart of  Principal Mining Operations( Adapted from Gerber, et ol., 1 9 7 9 )  
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a b o u t  60 to  70 p e r c e n t  s o l i d s  by w e i g h t .  The d i m e n s i o n s  of  a 

c o m p l e t e l y  f i l l e d  s t o p e  a r e  t h e  w i d t h  o f  t h e  o r e  v e i n ,  by h a l f  

t h e  l e n g t h  b e t w e e n  r a i s e s ,  by t h e  v e r t i c a l  d i s t a n c e  b e t w e e n  

l e v e l s .  F i g u r e  2 d i s p l a y s  t h e  t y p i c a l l y  g e o m e t r y  of  b o t h  

c o m p l e t e l y  b a c k f i l l e d  a n d  p a r t i a l l y  b a c k f i l l e d  s t o p e s .  

A b a c k f i l l  d r a i n s  p r i n c i p a l l y  by  d e c a n t a t i o n  t h a t  o c c u r s  

c o n c u r r e n t l y  w i t h  e m p l a c e m e n t ,  a l t h o u g h  p e r c o l a t i o n  t h a t  f o l l o w s ,  

s e r v e s  a s  a n  a d d i t i o n a l  d e w a t e r i n g  mechan i sm.  The r a t e  o f  

p e r c o l a t i o n  t h r o u g h  t h e  b a c k f i l l  is a  f u n c t i o n  of t h e  h y d r a u l i c  

c o n d u c t i v i t y  of  t h e  medium ( B a t e s ,  e t  a l . ,  1 9 6 7 ) .  C e r t a i n  

m e t h o d s  of  b a c k f i l l  p l a c e m e n t  p r o m o t e  p a r t i c l e  s e g r e g a t i o n  w h i c h  

i n h i b i t s  p e r c o l a t i o n .  T h i s  o c c u r s  when t h e  c o a r s e r  p a r t i c l e s  

s e t t l e  f i r s t ,  l e a v i n g  t h e  f i n e s  w i t h  l o w e r  p e r m e a b i l i t y  n e a r  t h e  

t o p  of  t h e  b a c k f i l l .  V a r i o u s  t y p e s  o f  d r a i n s  a r e  sometimes 

i n s t a l l e d  p r i o r  t o  b a c k f i l l i n g  to h e l p  a l l e v i a t e  t h i s  p r o b l e m  

(McNay, e t  a l .  1 9 7 5 ) .  U s u a l l y  a  b a c k f i l l  h a s  s u f f i c i e n t l y  

d r a i n e d  and  compac ted  w i t h i n  2 t o  4 d a y s  a f t e r  emplacement  t o  

a l l o w  heavy e q u i p m e n t  to  o p e r a t e  o n  i t  ( G i v e n ,  1 9 7 3 ) .  A t  t h i s  

p o i n t  a b o u t  1 0  p e r c e n t  m o i s t u r e  is i n h e r e n t l y  r e t a i n e d  w i t h i n  t h e  

b a c k f i l l  due  to c a p i l l a r y  f o r c e s  ( F a r m i n ,  e t  a l . ,  1 9 5 1 ) .  

A p p r o x i m a t e l y  1 0  p e r c e n t  c e m e n t  is commonly added  to t h e  

s l u r r y  f o r  c a p p i n g  o f  t h e  b a c k f i l l .  T h i s  p r a c t i c e  i n c r e a s e s  t h e  

s t r e n g t h  of  i t s  u p p e r  s u r f  a c e  and p r o m o t e s  f a s t e r  d e v e l o p m e n t  of  

a  s t o p e .  O c c a s i o n a l l y ,  lesser q u a n t i t i e s  of  c e m e n t  a r e  a d d e d  t o  

t h e  e n t i r e  b a c k f i l l  to  h e l p  i n  t h e  c o n s o l i d a t i o n  p r o c e s s .  

INVENTORY 

Me t h o d o l o g y  

A p r e l i m i n a r y  l i s t  o f  t h e  m i n i n g  c o m p a n i e s  t h a t  had u s e d  t h e  

h y d r a u l i c  b a c k f i l l  p r a c t i c e  was o b t a i n e d  f r o m  t h e  I d a h o  Mining 

A s s o c i a t i o n .  The U.S. B u r e a u  of  Mines  a n d  t h e  U.S. Mine S a f e t y  

a n d  H e a l t h  A d m i n i s t r a t i o n  were c o n t a c t e d  to f u r t h e r  s u b s t a n t i a t e  

t h e  c o m p l e t e n e s s  of  t h e  a c q u i r e d  l i s t .  Upon v e r i f i c a t i o n ,  

i n v e n t o r y  f o r m s  were s e n t  t o  e a c h  of  t h e  m i n i n g  c o m p a n i e s  f o r  

i n i t i a l  d o c u m e n t a t i o n  of  t h e  i n d i v i d u a l  m i n e s  where  h y d r a u l i c  - 
b a c k f i l l i n g  was u s e d ,  a l o n g  w i t h  t h e  p r e s e n t  s t a t u s  of  t h e  m i n e .  



Figure 2 -  Generalized Diogrom of Hydraulic Bock f i l  l Proct ices ( Adapted  from 
Wohier,  1976 ) 



F o l l o w i n g  t h i s  i n i t i a l  i n q u i r y ,  a q u e s t i o n n a i r e  was 

d e v e l o p e d  to  a d d r e s s  s p e c i f i c  i tems t h a t  d i r e c t l y  o r  i n d i r e c t l y  

a f f e c t  t h e  h y d r a u l i c  b a c k f i l l  p r a c t i c e  ( A p p e n d i x ) .  Most  of  t h i s  

i n f o r m a t i o n  r e q u e s t e d  o f  t h e  m i n i n g  c o m p a n i e s  was f u r n i s h e d  i n  

t h e  c o m p l e t e d  q u e s t i o n n a i r e s .  However,  a few q u e s t i o n s  

p e r t a i n i n g  t o  water q u a l i t y  i s s u e s  and  p r o p o s e d  p l a n s  f o r  mine  

abandonment  were l e f t  b l a n k ,  b e c a u s e  t h e  d a t a  was e i t h e r  

u n a v a i l a b l e  or p r e s e n t l y  unknown. 

The t o t a l  number of b a c k f i l l e d  s t o p e s  w i t h i n  a  mine  t h a t  was 

s u b m i t t e d  by t h e  m i n i n g  c o m p a n i e s  was g e n e r a l l y  o n l y  a  r o u g h  

e s t i m a t e .  F o r  a  more r e l i a b l e  f i g u r e  to b e  e s t a b l i s h e d ,  a m i n i n g  

company would h a v e  t o  s i f t  t h r o u g h  o l d  d e v e l o p m e n t  r e c o r d s  and 

p l a t s  f o r  t h e  i n d i v i d u a l  l e v e l s ,  a l o n g  w i t h  a d e q u a t e  f i e l d  

v e r i f i c a t i o n  of  a c c e s s i b l e  b a c k f i l l e d  s t o p e s .  F r e q u e n t l y ,  t h i s  

r e q u i r e d  d a t a  is  n o t  a v a i l a b l e  b e c a u s e  a  m i n e ' s  o w n e r s h i p  h a s  

c h a n g e d  s i g n i f i c a n t l y  t h r o u g h o u t  i t s  h i s t o r y  a n d  t h e  p e r t i n e n t  

i n f o r m a t i o n  h a s  b e e n  m i s p l a c e d  o r  l o s t .  

R e s u l t s  

Ten s u b s u r f a c e  m i n e s  c u r r e n t l y  p r a c t i c e ,  o r  i n  t h e  p a s t  have  

u s e d ,  h y d r a u l i c  b a c k f i l l i n g  ( T a b l e  1 ) .  A l l  o f  t h e  m i n e s  e x c e p t  

o n e  a r e  l o c a t e d  w i t h i n  t h e  C o e u r  d ' A l e n e  D i s t r i c t  of  n o r t h e r n  

I d a h o .  The r e m a i n i n g  m i n e  is i n  t h e  B l a c k b i r d  D i s t r i c t  o f  

e a s t - c e n t r a l  I d a h o  ( F i g u r e  3 ) .  

T a b l e  2  l is ts  t h e  f i r s t  y e a r  t h a t  h y d r a u l i c  b a c k f i l l i n g  

was p r a c t i c e d  a t  t h e  i n d i v i d u a l  m i n e s ,  a l o n g  w i t h  t h e  o v e r a l l  

d i m e n s i o n s  of  t h e  b a c k f i l l e d  s t o p e s .  T h e s e  a r e a s  r a n g e  i n  s i z e  

f r o m  3 t o  30 f e e t  ( f t )  f o r  t h e  stope w i d t h s ,  1 0  to 400 f t  f o r  

h a l f  t h e  d i s t a n c e s  b e t w e e n  r a i s e s ,  a n d  75 t o  240 f  t f o r  t h e  l e v e l  

h e i g h t s .  The a p p r o x i m a t e  number o f  b a c k f i l l e d  s t o p e s  a n d  t h e  

h i g h e s t  e l e v a t i o n  w h e r e  t h e y  o c c u r  a r e  a l s o  i n c l u d e d  i n  t h e  

t a b l e .  A s  w i l l  b e  d e m o n s t r a t e d  l a t e r ,  t h e  h i g h e s t  l e v e l  w h e r e  

b a c k f i l l i n g  p r a c t i c e s  were u t i l i z e d  was of  p r i m e  i m p o r t a n c e  when 

a s s e s s i n g  a  m i n e ' s  p o l l u t i o n  p o t e n t i a l  f rom t h e  h y d r a u l i c  

b a c k f i l l  p r o c e s s .  



Table 1. Mines That Have Used Hydrau l i c  Backf i  I I Prac t i ces  

Present 
Operator Mine General Surface Locat ion P r i n c i p a l  Ore Status 

Coeur dfAlene D i s t r i c t  

ASARCO 

Bunker Ltd. 

Hec l a 

Sunshine 

Coeur 
Galena 
Page 

Bunker Hi i i 

Conso I I dated 
Si l v e r  

Dayrock 
Lucky Fr iday  

Star-Morning 

Sunshine 

Noranda B l a c & i r d  

B lackb i rd  D i s t r i c t  

Si i v e r  and Copper 
S i l v e r  and Copper 

Lead and Z inc  

Lead, Zinc, Copper 
and S i l ver 

Si l ve r  
Lead and Si i ve r  
Lead, Z i nc  and Sl l ve r  
Lead and Z inc  

Si l ve r  

Cobal t  and Copper 

Ac t i ve  
Ac t i ve  

I n a c t i v e  

Standby 

Standby 
i nac t i ve  

Standby 
i n a c t i v e  

Standby 

l n a c t i v e  



C A N A D A  

STATE OF I DAHO 

N E V A D A  
U T A H  Figure 3 



Table 2. General c h a r a c t e r i s t i c s  of Backf i l l ed  Stapes  

Average Dimensions ( i n  f e e t )  
Date of Stcpe Width Half Length Level Height Estimated Highest Lowest 

Mine I n i t i a l  U s e  Between Raises  Amount  levat ti on* Land Surface* 

Coeur 

Galena 

Page 

Bunker H i l l  

Consolidated 
S i l v e r  - Dayrock 

Lucky Friday 

S tar-Morning 

Sunshine 

Blackbird 

- 

- 

v a r i e s  

240 
240 

200 

100-150 

200 

75 
200 

220 

100 

* = i n  f e e t ,  above (+) , or below (-1 Mean Sea Level 



ASSESSMENT 

Geography 

The C o e u r  d ' A l e n e  D i s t r i c t  is c o n s i d e r e d  t o  have  one  of  t h e  

w o r l d ' s  g r e a t e s t  c o n c e n t r a t i o n s  of  b a s e  m e t a l s  and  s i l v e r .  

D i s c o v e r y  a n d  s u b s e q u e n t  d e v e l o p m e n t  of  t h e  d i s t r i c t  began  i n  t h e  

mid-1880 ' s .  F i g u r e  4  shows t h e  g e o g r a p h i c  l o c a t i o n s  of t h e  

i n v e n t o r i e d  m i n e s  w i t h i n  t h e  d i s t r i c t .  T o p o g r a p h i c a l l y ,  t h e  a r e a  

i s  c h a r a c t e r i z e d  by h i g h  r e l i e f  a n d  g e n e r a l l y  r u g g e d  t e r r a i n  w i t h  

c o n s i s t e n t l y  s t e e p  s l o p e s  t h a t  merge  w i t h  n a r r o w  and  e l o n g a t e d  

v a l l e y s .  The a r e a  i s  d r a i n e d  by t h e  westward-f  l o w i n g  S o u t h  F o r k  

of  t h e  Coeur  d l A l e n e  R i v e r ,  w h i c h  b i s e c t s  t h e  d i s t r i c t .  

The B l a c k b i r d  D i s t r i c t  c o n t a i n s  t h e  l a r g e s t  o r e  r e s e r v e s  o f  

c o b a l t  w i t h i n  t h e  U n i t e d  S t a t e s .  I n i t i a l  d i s c o v e r y  i n  t h e  

d i s t r i c t  was i n  1 8 9 3 ,  a l t h o u g h ,  t h e  m a i n  p e r i o d  of  d e v e l o p m e n t  

o c c u r r e d  f rom 1949 t o  1 9 6 7 .  F l a t  t o p p e d  m o u n t a i n s  a n d  i n t e r -  

v e n i n g  s t e e p  V-shaped c a n y o n s  t y p i f y  t h e  t o p o g r a p h y  of t h e  a r e a .  

The n o r t h - f l o w i n g  P a n t h e r  Creek  d r a i n s  t h e  a r e a  and  s e r v e s  a s  a 

m a j o r  t r i b u t a r y  to  t h e  Salmon R i v e r .  

R e g i o n a l  Geo logy  

B e 1  t S u p e r g r o u p  

B e d r o c k  p r e s e n t  i n  b o t h  t h e  d i s t r i c t s ,  i n c l u d i n g  t h e  

f o r m a t i o n s  e n c o u n t e r e d  w i t h i n  t h e  m i n e s ,  b e l o n g  to t h e  B e l t  

S u p e r g r o u p .  I n  t h e  Coeur  d ' A l e n e  D i s t r i c t  t h e  f o r m a t i o n s  

i n c l u d e ,  f r o m  b o t t o m  to t o p ,  t h e  P r i c h a r d ,  B u r k e ,  R e v e t t ,  S t .  

R e g i s ,  W a l l a c e  and  S t r i p e d  Peak .  However,  o r e  d e p o s i t s  a r e  

p r e d o m i n a n t l y  r e s t r i c t e d  to  t h e  t r a n s i t i o n  z o n e  b e t w e e n  t h e  

R e v e t t  and S t .  R e g i s  and  a s  a r e s u l t ,  most o f  t h e  m i n e s  w i t h i n  

t h e  Dis t r ic t  a r e  d e v e l o p e d  i n  t h e s e  h o s t  r o c k  f o r m a t i o n s .  The 

g e n e r a l  l i t h o l o g y  o f  t h i s . z o n e  is g r a d a t i o n a l  f rom a  b a s a l  p u r e  

q u a r t z i t e  to  a n  i n t e r b e d d e d  a r g i l l i  te  a n d  i m p u r e  q u a r t z i t e '  

( H o b b s ,  e t  a l . ,  1 9 6 5 ) .  In. t h e  B l a c k b i r d  D i s t r i c t ,  i n t e n s e l y  

metamorphosed u n i t s  of  t h e  b a s a l  Y e l l o w j a c k e t  F o r m a t i o n  

c o n s t i t u t e s  t h e  o n l y  f o r m a t i o n  o f  t h e  B e 1  t S u p e r g r o u p  p r e s e n t  

( B e n n e t t ,  1 9 7 8 ) .  Ruppe l  ( 1 9 7 5 )  p r o p o s e d  a  v e r y  t e n t a t i v e  

c o r r e l a t i o n  b e t w e e n  t h e  P r i c h a r d  F o r m a t i o n  of  n o r t h e r n  I d a h o  and  





t h e  Y e l l o w j a c k e t  F o r m a t i o n  of  e a s t - c e n t r a l  I d a h o .  T a b l e  3 o f f e r s  

a g e n e r a l  d e s c r i p t i o n  of  t h e s e  f o r m a t i o n s  of  t h e  B e l t  S u p e r g r o u p .  

The s t r u c t u r a l  e v o l u t i o n  o f  b o t h  d i s t r i c t s  h a v e  p l a y e d  a  

s i g n i f i c a n t  ro le  i n  g o v e r n i n g  t h e  o c c u r r e n c e  of  t h e  o r e  d e p o s i t s ,  

s u c h  t h a t ,  t h e  m i n e r a l i z e d  v e i n s  o c c u r  a l o n g  f r a c t u r e  s y s t e m s  o r  

s h e a r  z o n e s  t h a t  h a v e  d e v e l o p e d  i n  t h e  B e l t  r o c k s  ( D a h l ,  1 9 8 1  a n d  

Lopez ,  1 9 8 1 ) .  P r i n c i p a l  o r i e n t a t i o n  of  t h e  s t r u c t u r a l  f e a t u r e s  

w i t h i n  t h e  Coeur  d l A l e n e  D i s t r i c t  a r e  a b r u p t l y  t e r m i n a t e d  

b i s e c t e d  by t h e  west t o  n o r t h w e s t  t r e n d i n g  O s b u r n  F a u l t  s y s t e m ,  

w h i c h  is  a n  e x t e n s i o n  o f  t h e  Lewis  a n d  C l a r k  L i n e a m e n t  of  w e s t e r n  

Montana .  S o u t h  of  t h i s  m a j o r  f a u l t ,  s t r u c t u r a l  t r e n d s  t e n d  t o  

p a r a l l e l  i t ,  a l t h o u g h  some s e c o n d a r y  f e a t u r e s  a re  o r i e n t e d  n o r t h -  

e a s t e r l y .  However,  n o r t h  of  t h e  O s b u r n  F a u l t ,  m a j o r  s t r u c t u r e s  

t r e n d  n o r t h e r l y ,  w i t h  o n l y  m i n o r  d e v e l o p m e n t  of  f e a t u r e s  p a r a l l e l  

to i t  (Hobbs ,  e t  a l ,  1 9 6 5 ) .  W i t h i n  t h e  B l a c k b i r d  D i s t r i c t ,  n o r t h  

t o  n o r t h w e s t  t r e n d i n g  f a u l t s  a n d  a s s o c i a t e d  s h e a r  z o n e s  a r e  t h e  

p r i m a r y  f e a t u r e s  w h i c h  d e l i n e a t e  t h e  z o n e s  of  m i n e r a l i z a t i o n .  

B e n n e t t  ( 1 9 7 7 )  d e t e r m i n e d  f r o m  L a n d s a t  i m a g e r y  t h a t  a d d i t i o n a l  

l i n e a t i o n s  o r i e n t e d  e a s t  to  n o r t h e a s t  o c c u r  t h r o u g h o u t  t h e  a r e a .  

Q u a t e r n a r y  A l l u v i u m  

V a r y i n g  amounts  o f  d e t r i t a l  material  of f l u v i a l  and  i n  p a r t  

g l a c i a l  o r i g i n  o c c u r  t h r o u g h o u t  b o t h  d i s t r i c t s .  G e n e r a l l y ,  t h e s e  

d e p o s i t s  c o n s i s t  of  s a n d  and  g r a v e l  w i t h i n  t h e  i n d i v i d u a l  d r a i n -  

a g e  s y s t e m s  w h i c h  p r o g r e s s i v e l y  t h i c k e n  d o w n - g r a d i e n t .  C o l l u v i a l  

t a l u s  and  s o i l  l a y e r s  a r e  p r e s e n t  a l o n g  t h e  s t e e p  m o u n t a i n  

s l o p e s .  

The C o e u r  d S A l e n e  D i s t r i c t  h a s  by f a r ,  a g r e a t e r  accumula-  

t i o n  of  a l l u v i u m ,  e s p e c i a l l y  w i t h i n  t h e  m a i n  stem o f  t h e  S o u t h  

F o r k  of  t h e  Coeur  d ' A l e n e  R i v e r .  However, a b o v e  t h e  c o n f l u e n c e  

of  Canyon C r e e k ,  t h e  S o u t h  F o r k  v a l l e y  is  e s s e n t i a l l y  a b s e n t  of  

a l l u v i u m  o r  i t  is e x t r e m e l y  t h i n  ( I o a n n o u ,  1 9 7 9 ) .  B e l o w  t h e  town 

of  K e l l o g g ,  a  d i s c o n t i n u o u s  l a y e r  of  c l a y e y  s i l t  o c c u r s  w i t h i n  

t h e  s a n d  and  g r a v e l  and  e x t e n d s  a  i n d e f i n i t e  d i s t a n c e  t o  t h e  west 

( N o r b e c k ,  1 9 7 4 ) .  
- 



Table 3. Generalized Section of the B e l t  Supergroup 

Group Formation Li tholcgy ~ h i c k n e s s  ( f e e t )  

Coeur d'Alene District (Hobbs, et  a l . ,  1965) 
m 
$9 Interbedded quar tz i te  and a r g i l l i t e  with m e  arenaceous 
2 8 Striped Peak dolomitic beds. Purplish gray and pink to greenish gray. l,5OO+ 

5 M s t l y  medium t o  qreeniskclray f ine ly  laminated a r q i l l i t e .  
U w .A u u Upper p a r t  Some arenaceous dolomite and impure quar tz i te  i n  the 

middle par t .  4,500-6,500 
.I 2 g  
m o Light-gray dolcani tic quar tz i te  interbedded with greenish- = G. Lowerpart g r a y a r g i l l i t e .  
U) C 

Upper p a r t  Light greenish-yellow to l i g h t  green-gray a r g i l l i t e ;  
.& .2 thinly laminated. Some carbonatebearing beds. 

' 8  Gradational from thick-bedded red-purple pure quar tz i te  
1,400-2,000 

; 0 
IDwr p a r t  a t  base to interbedded green-gray a r g i l l i t e  and impure 

C 4 rO 74 .I 
quar tz i te  a t  top. Some carbonatebearing beds. 

W 6 m Thick-bedded vi t reous l i g h t  yellowish-gray to nearly white 
2 Revett m a r t z i t e  pure quar tz i te .  Grades i n to  nearly pure and impure 1,200-3,400 
13 quar tz i te  a t  bottom and tcp. 

Light greeniskgray inpure quar tz i te .  Some pale  red and Burke 
l i g h t  yellowish-gray pure to nearly pure quar tz i te .  

2,200-3,000 

J Interbedded medimgray a r g i l l i t e  and quartzose a r g i l l i t e  
Upper part and light-gray impure t o  pure quar tz i te .  

u Thin t o  thick bedded, mediumgray a r g i l l i t e  and quartzose 
12,000+ 

2 bwerpart a r g i l l i t e ;  laminated i n p a r t .  w r i t e  abundant. 

Blackbird District (Bennett, 1977) 

Yellowj acket Formation Dark-gray, f eldspathic, micaceous quar tz i te .  Intensely 
deformed i n  region of Blackbird Mine. 

9,000+ 



Hydrogeology 

Be1 t Supergroup 

Numerous hydrogeo log ic  s t u d i e s  conducted  a t  Bunker H i l l  Mine 

have g a t h e r e d  s i g n i f i c a n t  i n f o r m a t i o n  r e g a r d i n g  t h e  l o c a l  

ground-water  f low regime w i t h i n  t h e  B e l t  Supergroup.  From t h i s  

d e t a i l e d  m i n e - s p e c i f i c  work, c e r t a i n  b a s i c  c o n c e p t s  of mine 

hydro logy  have been deve loped  and a r e  though t  t o  a p p l y  t o  t h e  

o t h e r  mines i n  t h e  Coeur d 'A lene  D i s t r i c t  ( and  t o  a  l e s s e r  e x t e n t  

t h e  B l a c k b i r d  Mine) .  

Pre-Mining Flow Regime 

P r i o r  t o  mine development ,  t h e  movement of ground w a t e r  

t h rough  t h e  B e l t  Supergroup was c o n s i d e r e d  t o  be i n  approx ima te  

e q u i l i b r i u m ;  t h a t  i s  t o  s a y ,  r e c h a r g e  equa led  d i s c h a r g e .  The 

mountain r i d g e s  were t h e  p r i n c i p a l  a r e a s  of r e c h a r g e  and v a l l e y  

bot toms were t h e  p r imary  a r e a s  of ground-water  d i s c h a r g e .  

Deformation of t h e  B e l t  Supergroup have produced  t h e  p r imary  

avenues  o r  f r a c t u r e s  th rough  which ground-water  f low o c c u r s .  

Induced s t r e s s e s  p r e v a l e n t  d u r i n g  t h e  s t r u c t u r a l  h i s t o r y  of t h e  

group have m a n i f e s t e d  themse lves  i n  acco rdance  w i t h  t h e  l i  tho- 

l o g i c  makeup p r e s e n t .  The b r i t t l e  n a t u r e  of t h e  q u a r t z i t e - r i c h  

u n i t s  h a s  produced e x t e n s i v e  f r a c t u r e  sys t ems ,  whereas  s l i p p a g e  

a l o n g  t h e  l e s s  competent  a r g i l l i t e - r i c h  l a y e r s  have produced  

i m b r i c a t e d  s h e a r  zones .  Even though t h e  f r a c t u r e  sys t ems  and 

a s s o c i a t e d  s h e a r  zones  a r e  numerous i n  t h e  B e l t  Supergroup,  t h e  

i n t e r c o n n e c t e d  p o r t i o n  of t h e s e  o p e n i n g s  is though t  t o  be s m a l l .  

T h i s  is e v i d e n t  by t h e  low y i e l d s  produced by wells completed i n  

t h e  g roup ,  a long  w i t h  t h e  r e l a t i v e l y  i n s t a n t a n e o u s  r e s p o n s e  t h a t  

o c c u r s  from a r e c h a r g e  e v e n t  to  t h e  f l o w  system. 

Impact of Mine Openings 

The e x t e n s i v e  workings  w i t h i n  an a c t i v e l y  dewa te red  mine 

have c r e a t e d  new a r e a s  of ground-water  d i s c h a r g e  t h a t  a r e  a t  

s i g n i f i c a n t l y  lower e l e v a t i o n s  than  t h e  o r i g i n a l  s i t e s  of 

o u t £  low. These open ings  c o n s t i t u t e  zones  of e s s e n t i a l l y  i n £  i n i  t e  

h y d r a u l i c  c o n d u c t i v i t y  and a c t  a s  huge d r a i n s  on t h e  ground-water  

14 



s y s t e m  p r o d u c i n g  p r e d o m i n a n t l y  v e r t i c a l  f l o w  componen t s  a d j a c e n t  

to t h e  m i n e .  

I n f l o w  t o  a  m i n e  o c c u r s  f r o m  e i t h e r  n a t u r a l  o r ' i m p o r t e d  

s o u r c e s .  I n  t h e  u p p e r  l e v e l s  of  a  m i n e ,  d i r e c t  s u r f a c e  water 

i n f i l t r a t i o n  may o c c u r  w h e r e  d r i f t s ,  raises or s t o p e s  e n c o u n t e r  

t h e  s u r f a c e  d r a i n a g e  s y s t e m s .  I f  t h e s e  o p e n i n g s  a r e  e x t e n s i v e ,  

l o c a l  s u b s i d e n c e  o r  c a v i n g  of  t h e  l a n d  s u r f a c e  c a n  o c c u r .  The 

movement o f  g r o u n d  water i n t o  a mine  is g o v e r n e d  by t h e  e x t e n t  o f  

t h e  f r a c t u r e  s y s t e m s  e n c o u n t e r e d  i n  t h e  i n d i v i d u a l  mine  o p e n i n g s .  

The f r e q u e n c y  of  f r a c t u r e s  t h a t  i n t e r s e c t  t h e  v a r i o u s  ra ises ,  

s t o p e s  or u n s e a l e d  e x p l o r a t i o n  d r i l l  h o l e s ,  d e t e r m i n e  t h e  d e g r e e  

of  g r o u n d - w a t e r  i n £  low, a l t h o u g h  t h e  s i z e  of  t h e  f r a c t u r e  

o p e n i n g s  g e n e r a l l y  d e c r e a s e s  w i t h  d e p t h .  The i n d i v i d u a l  f l o w s  

r a n g e  f r o m  a  d r i p  to  s e v e r a l  g a l l o n s  p e r  m i n u t e ,  d e p e n d i n g  on t h e  

s i z e  of t h e  o p e n i n g .  B e s i d e s  t h e s e  w i d e l y  d i s t r i b u t e d  n a t u r a l  

s o u r c e s  of i n f l o w ,  w a t e r  is  b r o u g h t  i n t o  t h e  mine  f o r  c o o l i n g  a n d  

d r i l l i n g  p u r p o s e s  a s  well  as  t h e  s l u r r y  water u s e d  i n  t h e  

h y d r a u l i c  b a c k f i l l  p r o c e s s .  

When a  m i n e  is  a c t i v e l y  b e i n g  d e w a t e r e d ,  e i t h e r  by pumping 

or g r a v i t y  means ,  a l l  o f  t h e  s o u r c e s  of  i n f l o w  are removed f r o m  

t h e  mine  and  e i t h e r  r e c y c l e d  or d i s c h a r g e d  to t h e  t a i l i n g s  p o n d .  

However, when a  m i n e  h a s  b e e n  abandoned  a n d  i s  a l l o w e d  to f i l l  

w i t h  w a t e r ,  d e p e n d i n g  o n  t h e  new e q u i l i b r i u m  e s t a b l i s h e d  w i t h i n  

t h e  f l o w  r e g i m e ,  d i s c h a r g e  may o c c u r  t h r o u g h  a d i t s  or w h e r e  t h e  

s a t u r a t e d  f r a c t u r e  s y s t e m s  i n t e r s e c t  l a n d  s u r f a c e .  

Q u a t e r n a r y  A l l u v i u m  

A s i m p l i f i e d  c o n c e p t u a l  model  f o r  t h e  movement of  g r o u n d  

water w i t h i n  t h e  a l l u v i a l  m a t e r i a l  i s  p r e s e n t e d  as  f o l l o w s .  

D u r i n g  a r e c h a r g e  e v e n t  s u c h  as s p r i n g  snow m e l t ,  water is 

t r a n s m i t t e d  t h r o u g h  t h e  s a t u r a t e d  t a l u s  and  s o i l  p r e s e n t  a l o n g  

t h e  r i d g e  s l o p e s  a s  i n t e r f l o w .  Where t h i s  i n t e r f l o w  e n c o u n t e r s  a  

f r a c t u r e  s y s t e m  i n  t h e  B e 1  t S u p e r g r o u p ,  h y d r o l o g i c  c o m m u n i c a t i o n  

e x i s t s .  I f  t h e  f r a c t u r e  s y s t e m  is  u n s a t u r a t e d ,  downward f l o w  

w i l l  o c c u r .  However,  i f  t h e  f r a c t u r e  s y s t e m  i s  f u l l y  s a t u r a t e d  

a n d  c o n s t i t u t e s  a  g r e a t e r  p r e s s u r e  head  t h a n  i n  t h e  s a t u r a t e d  



s o i l  and t a l u s  l a y e r ,  d i s c h a r g e  w i l l  o c c u r  and s e r v e  a s  an 

a d d i t i o n a l  s o u r c e  of i n t e r f  low. A s  t h e  r e c h a r g e  p u l s e  p r o g r e s -  

s i v e l y  moves down-gradien t ,  f l ow l i n e s  'from a d j a c e n t  d r a i n a g e s  

w i l l  c o n t i n u a l l y  converge  u n t i l  r e a c h i n g  t h e  main v a l l e y  bot tom. 

Because  of t h e  l a g  t i m e  r e q u i r e d  t o  convey a  r e c h a r g e  e v e n t  

t h rough  a  ground-water  sys t em v e r s u s  t h e  i n s t a n t a n e o u s  r e s p o n s e  

of s u r f a c e  w a t e r ,  a  dynamic r e l a t i o n s h i p  e x i s t s  between them. 

During and immedia te ly  a f t e r  a  r e c h a r g e  e v e n t ,  h i g h  f l o w s  w i t h i n  

s u r f a c e  w a t e r  d r a i n a g e s  s e r v e  t o  r e c h a r g e  t h e  a q u i f e r  sys tem;  

whereas ,  a f t e r  t h e  e v e n t  has  p a s s e d ,  l o c a l  g r a d i e n t s  change 

a l l o w i n g  ground w a t e r  t o  d i s c h a r g e  t o  t h e  s u r f  a c e  w a t e r  s e r v i n g  

a s  i t s  base  f low.  

Geochemistry 

B a c k f i l l  Composi t ion 

B a t e s ,  e t  a l .  ( 1 9 6 7 )  s t a t e d  t h a t  t h e  compos i t ion  of t h e  

b a c k f i l l  m a t e r i a l  i s  r e p r e s e n t a t i v e  of t h e  h o s t  rock and o r e  type  

e x t r a c t e d  a t  each  p a r t i c u l a r  mine.  T a b l e  4 d e l i n e a t e s  t h e  

m i n e r a l s  of p r imary  and secondary  abundance w i t h i n  t h e  b a c k f i l l  

m a t e r i a l  of t h e  i n d i v i d u a l  mines.  The h o s t  rock or  B e l t  

Supergroup p redominan t ly  c o n s i s t s  of r e l a t i v e l y  c h e m i c a l l y  i n e r t  

aluminum s i l i c a t e s ,  which i n c l u d e  q u a r t z ,  s e r i c i t e / m u s c o v i t e ,  

b i o t i t e  and f e l d s p a r s .  T a b l e  5 i n d i c a t e s  t h a t  8 5  p e r c e n t  of t h e  

o x i d e s  p r e s e n t  w i t h i n  t h e  B e l t  Supergroup a r e  s i l i c a  ( S i 0 2 )  and 

a lumina  ( ~ 1 ~ 0 ~ ) .  Gangue, where p r e s e n t  i n  t h e  o r e  v e i n s ,  

c o n s i s t s  of main ly  c a r b o n a t e s  ( s i d e r i t e )  w i t h  l e s s e r  amounts of 

p o t e n t i a l  ac id-producing  s u l f i d e s  ( p y r i t e )  . 
P o t e n t i a l  f o r  Acid P r o d u c t i o n  

The o x i d a t i o n  of p y r i , t i c - r i c h  zones  c a n  g e n e r a t e  a c i d i c  

c o n d i t i o n s  w i t h i n  a  mine which a l l o w s  l e a c h i n g  of t h e  more 

s o l u b l e  metals from t h e  o r e .  F i g u r e  5 shows t h e  r e l a t i o n s h i p  

between t h e  v a r i o u s  r e g u l a t i n g  f a c t o r s  i n  a c i d  p r o d u c t i o n .  The 

p r imary  impact  of h y d r a u l i c  b a c k f i l l i n g  on a c i d  p r o d u c t i o n  i s  

t h a t  t h e  d r a i n a g e  i t  p roduces  s e r v e s  a s  a n  a d d i t i o n a l  f l u s h i n g  

a g e n t  f o r  t h e  heavy me ta l  l o a d .  The b a c k f i l l  i t s e l f  may a l s o  



Mine 

T a b l e  4 .  M i n e r a l o g y  o f  B a c k f i l l  M a t e r i a l  
( F r y k l u n d ,  1 9 6 4  a n d  B e n n e t t ,  1 9 7 7 )  

Q u a r t z  S i d e r i t e *  Mica  Group 
S i 0 2  FeC03 K ( ? ) A l S i 3 0 1 0 ( O H , F ) 2  

C o e u r  S e c o n d a r y  P r i m a r y '  

G a l e n a  S e c o n d a r y  p r i m a r y  

Page  P r i m a r y  S e c o n d a r y  

B u n k e r  H i l l  P r i m a r y  S e c o n d a r y  

Cons .  S i l v e r  S e c o n d a r y  p r i m a r y  

Dayrock  P r i m a r y  Minor  

Lucky F r i d a y  P r i m a r y  

S t a r - M o r n i n g  P r i m a r y  

S u n s h i n e  S e c o n d a r y  p r i m a r y  

B l a c k b i r d  P r i m a r y  

S e c o n d a r y  
S e r i ~ i t e ( A 1 ) ~  

s e c o n d a r y  
~ i o t i t e ( M g , F e ) ~  

* = I n c l u d e s  v a r y i n g  a m o u n t s  o f  A n k e r i t e  Ca(Mg,Fe)  ( C 0 3  ) 2  



Table 5. Chemical Analysis of Belt Supergroup: 
~avalli/Pre-~avalli Groups, in percent 
of unaltered rocks in Coeur'D Alene 
District ( ~ o b b s  et al., 1965, p. 28). 

Oxides Percent 

Si02 70.8 

A1203 14.3 

Fe203 2.6 

F eO 1.13 

Oxides Percent 

K2° 3.6 

Ti02 0.51 

'2'5 0.13 

MnO 0.04 



F i g u r e 5 - S c h e m a t i c  o f  W o t e r  F l o w  a n d  t h e  V a r i a b l e s  
C o n t r o l l i n g  A c i d  P r o d u c t i o n  w i t h i n  a M i n e  
(Adapted  f r o m  W i l l i a m s ,  e t  al., 1 9 7 6 )  

Fe Sulfides) Metol Minerals 

+ 
voilable Water fro Oxidation Products, Acid 
harge (Surface 
Ground Woter) Solts, Other Metol So I ts 

I 
I 

Mine Chorocteristics 
ing Technology ond Related Mine Worki 

Backfilled Stopes 

Acid ond Reloted Heovy Metals Source o f  

Lood in the Mine Drainage System Suspended 
Solids Lood 

Gravity Droinoge Pumped Drainage into 
Gravity Drainage System 

Out of Mine Through 
I Main Adit(s) 1 

Surface Water 
(Necessary Treatment) (NPDES Permit Satisfied) 

L E G E N D  - Good Quality Woter 

Acidic Water ( W i t h  Heovy Metol  L o a d )  

. . . . . . . . . . Addit ionol Flushing Mechanism 



s u p p l e m e n t  a c i d  g e n e r a t i o n  i f  s i g n i f i c a n t  c o n c e n t r a t i o n s  of  

p y r i t e  a r e  p r e s e n t  w i t h i n  i t .  

The r e s u l t s  of  b e a k e r  e x p e r i m e n t s  p e r f o r m e d  o n . s e l e c t e d  mine  

t a i l i n g s  by M a r t i n  ( 1 9 8 1 )  a r e  p r e s e n t e d  i n  T a b l e  6 .  A c c o r d i n g  t o  

t h e  t a i l i n g s  t h a t  he  a n a l y z e d ,  i t  was c o n c l u d e d  t h a t  o n l y  B u n k e r  

H i l l  i n d i c a t e d  c o n d i t i o n s  f a v o r a b l e  f o r  a c i d  p r o d u c t i o n .  However, 

t h e  B u n k e r  H i l l  t a i l i n g s  t h a t  were a n a l y z e d  are m o s t  l i k e l y  f rom 

t h e  m i n e ' s  u p p e r  l e v e l s  w h i c h  a r e  c o n s i d e r a b l y  r i c h e r  i n  p y r i t e  

t h a n  t h e  l o w e r  l e v e l s  where  a  m a j o r i t y  of  t h e  b a c k f i l l i n g  was 

p r a c t i c e d .  The i n i t i a l  a c i d  g e n e r a t e d  i n  t h e  o t h e r  mine  t a i l i n g s  

was s u f f i c i e n t l y  n e u t r a l i z e d  by t h e  p r e s e n c e  of  c a r b o n a t e s .  

S i g n i f i c a n t  c o n c e n t r a t i o n s  of a c i d - n e u t r a l i z i n g  c a l c i t e  a r e  

p r e s e n t  i n  t h e  Dayrock Mine and  to a lesser e x t e n t  i n  t h e  

S u n s h i n e  Mine ( F r y k l u n d ,  1 9 6 4 ) .  

A c c o r d i n g  to T o e p f e r  ( 1 9 5 2 ) ,  e v e n  i n  m i n e s  w h e r e  h i g h  p y r i t e  

c o n c e n t r a t i o n s  a r e  p r e s e n t ,  p r e c a u t i o n s  a r e  g e n e r a l l y  t a k e n  t o  

u t i l i z e  o n l y  b a c k f i l l  m a t e r i a l  w i t h  l o w - p y r i t e  c o n t e n t  b e c a u s e  of  

t h e  p o t e n t i a l  f i r e  h a z a r d  i t  p r o d u c e s  d u r i n g  o x i d a t i o n .  S t e w a r t  

( 1 9 5 8 )  s t a t e d  t h a t  a maximum of a b o u t  8  p e r c e n t  p y r i t e  c a n  b e  

t o l e r a t e d ,  a n d  c a n  b e  b e n e f i c i a l  i n  t h e  p r o c e s s  of  c e m e n t a t i o n  

of  t h e  b a c k f i l l .  Cement commonly u s e d  d u r i n g  t h e  e m p l a c e m e n t  

o f  t h e  b a c k f i l l  p r o b a b l y  h e l p s  to n e u t r a l i z e  a n y  p o t e n t i a l  a c i d  

p r o d u c t i o n  b e c a u s e  of  i t s  h i g h  p e r c e n t a g e  of  l i m e .  

F l o o d i n g  of  m i n e s  d u r i n g  abandonment  h a s  i n  many c a s e s  

r e d u c e d  t h e  p r o d u c t i o n  o f  a c i d  b e c a u s e  o f  t h e  o x y g e n - d e p l e t e d  

e n v i r o n m e n t  t h a t  r e s u l t s .  However, some m i n e s  a r e  n e a r l y  

i m p o s s i b l e  t o  c o m p l e t e l y  f l o o d  b e c a u s e  o f  l o c a l  t o p o g r a p h y  and  

p a t t e r n s  of  m i n e  d e v e l o p m e n t .  I f  f l o o d e d ,  numerous  a c i d  s e e p s  o r  

n o n - p o i n t  p o l l u t i o n  s o u r c e s  a l o n g  t h e  h i l l s i d e  would  r e s u l t .  

B o t h  t h e  B u n k e r  H i l l  a n d  B l a c k b i r d  m i n e s  g e n e r a t e  a c i d  d r a i n a g e  

a n d  a r e  i m p r a c t i c a b l e  t o  f u l l y  f l d o d ,  a l t h o u g h ,  a c c o r d i n g  t o  

T a b l e  2,  o n l y  B l a c k b i r d  Mine h a s  b a c k f i l l e d  s t o p e s  p r e s e n t  i n  t h e  

p o t e n t i a l l y  unsubmerged p o r t i o n  o f  t h e  m i n e .  



T a b l e  6 .  P e r c e n t a g e  of M i n e r a l  G r o u p s  by  W e i g h t  f r o m  
S e l e c t e d  Mine T a i l i n g s  ( M a r t i n ,  1 9 8 1 ,  p .  36 )  

Mine T a i l i n q s  S u l f i d e s  1 
C a r b o n a t e s  

2  S i l i c a t e s  3 

C o e u r  3  47  50  

G a l e n a  3 50 47 

B u n k e r  H i l l  8  1 4  78 

Lucky F r i d a y  < 1 23  77 

S  t a r - M o r n i n g  1 1 9  8  0  

S u n s h i n e  1 58 4  1 

1 = P r e d o m i n a n t l y  p y r i t e  w i t h  s u b o r d i n a t e  s p h a l e r i t e ,  
g a l e n a ,  t e t r a h e d r i  te ,  a n d  c h a l c o p y r i t e .  

2  = P r i n c i p a l l y  s i d e r i t e  w i t h  some a n k e r i t e  a n d  c a l c i t e .  

3 = P r i m a r i l y  q u a r t z  w i t h  m i n o r  s e r i c i t e .  



P o t e n t i a l  R e s i d u e  f rom Ore E x t r a c t i o n  P r o c e s s  

D u r i n g  t h e  e a r l y  y e a r s  of  t h e  m i n i n g  i n d u s t r y ,  g r a v i t y  

s e p a r a t i o n  was t h e  p r i m a r y  method u s e d  to c o n c e n t r a t e  t h e  o r e .  

T h i s  t e c h n i q u e  u t i l i z e d  t h e  p h y s i c a l  d i f f e r e n c e s  i n  d e n s i t y  o r  

s p e c i f i c  g r a v i t y  b e t w e e n  t h e  v a r i o u s  ore a n d  g a n g u e  m i n e r a l s .  

B e c a u s e  of  t h e  m e c h a n i c a l  i n e f f i c i e n c y  of  t h i s  m e t h o d ,  l a r g e  

v o l u m e s  of  c o a r s e  o r e  w a s t e  or " j i g "  t a i l i n g s  were p r o d u c e d .  

W i t h  t h e  a d v e n t  o f  t h e  s e l e c t i v e  f r o t h  f l o t a t i o n  p r o c e s s  f o r  

ore c o n c e n t r a t i o n ,  t h e  less  e f f i c i e n t  g r a v i t y  s e p a r a t i o n  method 

was e v e n t u a l l y  p h a s e d  o u t  by t h e  1 9 3 0 ' s .  T h i s  p r o c e s s  i n v o l v e d  a  

more  e f f e c t i v e  t e c h n i q u e  f o r  r e c o v e r y  of  t h e  e c o n o m i c a l l y  impor-  

t a n t  m i n e r a l s ,  and a s  a  r e s u l t  r e d u c e d  t h e  m e t a l  l o a d  p r e s e n t  i n  

t h e  w a s t e  t a i l i n g s .  The f l o t a t i o n  p r o c e s s  t e c h n i q u e  f u r t h e r  

p r o m o t e d  t h e  a d v a n c e  of  t h e  h y d r a u l i c  b a c k f i l l  p r a c t i c e  b e c a u s e  

i t  g e n e r a t e d  a  r e a d y  s u p p l y  of  c l a s s i f i e d  m i l l  t a i l i n g s .  

The s t e p s  i n v o l v e d  i n  t h i s  s e l e c t i v e  f r o t h  f l o t a t i o n  p r o c e s s  

i n c l u d e  

1)  

2 

3 

4 )  

5) 

6) 

7 )  

t h e  f o l l o w i n g  ( G e r b e r ,  e t  a l . ,  1 9 7 9 ) :  

The o r e  is  f i n e l y  g r o u n d  a n d  mixed w i t h  w a t e r  to  fo rm a  

s l u r r y  o r  p u l p .  

The p u l p  is  t h e n  t r e a t e d  w i t h  f l o t a t i o n  r e a g e n t s  and  

s e n t  t o  a  ser ies  o f  f l o t a t i o n  c e l l s  w i t h  a g i t a t o r s .  

A s  t h e  m i x t u r e  is c o n t i n u o u s l y  a g i t a t e d ,  b u b b l e s  b e g i n  

t o  rise and  f o r m  a  m i n e r a l i z e d  f r o t h .  The g a n g u e  and  

d e p r e s s e d  p o r t i o n  o f  t h e  ore  s e t t l e .  

The d e s i r e d  m e t a l ( s )  is  t h e n  skimmed o f f  f rom t h e  f r o t h  

and  s e n t  t o  f u r t h e r  c o n c e n t r a t i o n  s t e p s .  

The r e m a i n i n g  p u l p  is t h e n  s e q u e n t i a l l y  t r e a t e d  w i t h  

s l i g h t l y  d i f f e r e n t  r e a g e n t s  t h a t  w i l l  a l l o w  o t h e r  

d e s i r e d  m e t a l s  t o  f o r m  i n d i v i d u a l  f r o t h s .  

T h e  f l o t a t i o n  t a i l i n g s  a r e  d e w a t e r e d ,  t h e  water i s  

p a r t i a l l y  r e c y c l e d  f o r  c o n t i n u e d  u s e  i n  t h e  f l o t a t i o n  

c e l l s  and  t h e  t h i c k e n e d  t a i l i n g s  a r e  d i s c h a r g e d .  

The t a i l i n g s  are t h e n  c l a s s i f i e d  a c c o r d i n g  to  p a r t i c l e  

s i z e ;  t h e  c o a r s e r  f r a c t i o n  is  u s e d  f o r  b a c k f i l l  m a t e r i a l  

and  t h e  r e m a i n i n g  f i n e r  f r a c t i o n  is s e n t  t o  t h e  t a i l i n g s  

pond .  
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T a b l e  7  l i s t s  t h e  v a r i o u s  c h e m i c a l  r e a g e n t s  t h a t  a r e ,  o r  

have  b e e n  u s e d  a t  t h e  i n d i v i d u a l  f l o t a t i o n  m i l l s .  Each  of  t h e  

r e a g e n t s  a r e  c a t e g o r i z e d  a c c o r d i n g  t o  t h e  p r i m a r y  f u n c t i o n  t h e y  , 

p e r f o r m .  They i n c l u d e  ( G i v e n ,  1 9 7 3 ) :  

1 )  pH R e g u l a t o r s  - a n y  s u b s t a n c e  u s e d  t o  r e g u l a t e  o r  m o d i f y  

t h e  pH o f  a n  o r e  p u l p  or f l o t a t i o n  p r o c e s s  stream. 

2 )  D e p r e s s a n t s  - a  s u b s t a n c e  u s e d  t o  p r e v e n t  o r  s u p p r e s s  

f l o t a t i o n  of o n e  m i n e r a l  w i t h o u t  i m p a i r i n g  f l o t a t i o n  of  

a n o t h e r .  

3 )  A c t i v a t o r s  - a  s u b s t a n c e  u s e d  to  p r o m o t e  f l o t a t i o n  i n  

t h e  p r e s e n c e  of  a  c o l l e c t i n g  a g e n t .  

4 )  F r o t h e r s  - a n  o r g a n i c  s u b s t a n c e  u s e d  to  s t a b i l i z e  a i r  

b u b b l e s ,  p r i n c i p a l l y  by r e d u c i n g  s u r f a c e  t e n s i o n .  

5 )  Collectors - a  s u b s t a n c e  u s e d  t o  s e l e c t i v e l y  c o a t  t h e  

p a r t i c l e s  t o  b e  f l o a t e d  w i t h  a  water r e p e l l e n t  s u r f a c e  

t h a t  w i l l  a d h e r e  to  a i r  b u b b l e s .  

EPA ( 1 9 8 2 )  a d d r e s s e d  e f f l u e n t  l i m i t a t i o n s  and g u i d e l i n e s  f o r  

t h e  m i n i n g  i n d u s t r y .  C e r t a i n  r e a g e n t s  u s e d  i n  t h e  f l o t a t i o n  

p r o c e s s  were c o n s i d e r e d  to  b e  p o t e n t i a l l y  t o x i c  and i n  some c a s e s  

e v i d e n c e  of  t h e  r e s i d u e  was f o u n d  to b e  p r e s e n t  i n  t h e  b a c k f i l l  

d r a i n a g e .  Sodium c y a n i d e ,  known to  h a v e  b e e n  u s e d  a t  s i x  of  t h e  

t e n  i n v e n t o r i e d  m i n e s ,  was t h e  m a i n  r e a g e n t  of  e n v i r o n m e n t a l  

c o n c e r n .  B e c a u s e  t h e  p r i m a r y  f u n c t i o n  of  c y a n i d e  i s  t o  d e p r e s s  

p y r i t e .  and  s p h a l e r i  te, much of  i t  a s s o c i a t e s  w i t h  t h e s e  d e p r e s s e d  

m i n e r a l s  i n  t h e  t a i l i n g s  and  may b e  u l t i m a t e l y  l e a c h e d  i n t o  t h e  

mine  d r a i n a g e  f o l l o w i n g  h y d r a u l i c  b a c k f i l l i n g .  A s  t h e  c y a n i d e -  

l a d e n  waters a r e  removed f r o m  a n  a c t i v e  m i n e ,  t h e y  are  d i s c h a r g e d  

t o  t h e  t a i l i n g s  pond  w h e r e  t h e y  are  r e q u i r e d  t o  b e  e f f e c t i v e l y  

t r e a t e d  to  n o n - d e t e c t a b l e  l e v e l s  i n  f u l f i l l m e n t  of  t h e i r  N a t i o n a l  

P o l l u t a n t  D i s c h a r g e  E l i m i n a t i o n  S y s t e m  ( N P D E S )  p e r m i t .  Some 

c y a n i d e  r e s i d u e  may r e m a i n  w i t h i n  t h e  b a c k f i l l  a f t e r  i n i t i a l  

d r a i n i n g .  I t s  d e g r e e  of  c h e m i c a l  s t a b i l i t y  and  a s s o c i a t e d  

p e r s i s t e n c e  i n  a  mine  is unknown. 

O t h e r  m i l l  r e a g e n t s  d e t e r m i n e d  to  b e  of  p o t e n t i a l  

e n v i r o n m e n t a l  harm a r e  t h e  c o l l e c t o r s  w h i c h  c o n t a i n  t h e  c r e s y l  

g r o u p .  Of t h e  co l lec tors  l i s t e d  i n  T a b l e  7 ,  t h e  A e r o f l o a t  



Table 7. Reagents Used In Se lec t i ve  F l o t a t i o n  Process 

pH 
Mine Requl a t o r  Depressant Ac t i va to r  Frother Co 1 l e c to r  

Cceur 

Galena 

Page 

Bunker H i l l  

Cons. S i l v e r  

Dayrock 

Lucky Friday 

Star-Mornlng 

Sunshine 

B lackb i rd  

CaO MCN 

"zC03 
MCN 

ZnS04 

CaO k C N  

" " ~ ~ ~ 3  ZnS04 

CaO k C N  

N"2c03 

"zc03 
ZnSO 

4 

CaO CaCN 

N"2c03 
ZnSO 

4 

Cao - 
H SO 

2 4 

- 

- 

cuso 
4 

cuso4 

- 

cuso4 

cuso 

N ~ s H ~  

&SO4 

- 

Na2S 

M 1% 

M lBC 

MIBC 
P lne  O i  I 

M IBC 

M IBC 

M IBC 

MIBC 
B a r r e t t  

01 I 

M lBC 
B a r r e t t  

01 1 
Dow 250 

M IBC 

M 1% 
P ine  01 l 

Minerec 1661 
Aero 404 

Mlnerec 1661 
Aero 404 

Aerof 1 oa t  25 
Aerof l o a t  242 

2-4 
2-6 

Aero f loa t  31 
2-4 
Z-1 1 

Aero f loa t  31 
Aerof l o a t  242 
Aero 5-3477 

Aero f loa t  31 
2-4 
2-6 

 hem ica i ~ompos I t ion 

MIBC = Methl lsobuty l  Carblnoi  

Dow 250 = Polypropylene GI ycol  Methyl Ether 
Aero f loa t  25 = D lc resy l  Dl th lophosphor lc  Acld 
Aerof loat  31 = D lc resy l  Dlthlophosphoric Acld 

Aero f loa t  242 = Cresol and hmonlum S a l t  of Ary l  Dl th lophosphor lc  ~ c i d  
Aero 404 = Olthiophosphate and Mercaptobenzothlazole S a l t  
Aero 5-3477 = Dithlophosphate S a l t  
Mlnerec 1661 = lsoethyl  Th iomure tha te  
2 4  = Sodlum Ethyl  Xanthate 
2-6 = Po tass im  Amy1 Xanthate 
2-1 1 ; Sodium lsobuty 1 Xanthate 
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p r o d u c t s  ( 2 5 ,  31 and 242)  a r e  t h e  o n l y  r e a g e n t s  t h a t  c o n t a i n  t h i s  

s u b s t a n c e .  S i n c e  t h e r e  i s  no e v i d e n c e  of t h e s e  c o l l e c t o r s  ( o r  

any cI iemica l ly  a l t e r e d  fo rms)  p r e s e n t  w i t h i n  t h e  b a c k f i l l  

d r a i n a g e ,  i t  i s  assumed t h a t  t hey  have a  c o n s e r v a t i v e  a f f i n i t y  

towards  t h e  o r e  c o n c e n t r a t e  a s  opposed t o  t h e  t a i l i n g s .  

Water Q u a l i t y  

D i r e c t  sampl ing  of b a c k f i l l  d r a i n a g e  from t h e  i n v e n t o r i e d  

mines was n o t  p o s s i b l e  because  of t i m e  and fund  r e s t r a i n t s  of 

t h i s  s t u d y .  With t h e  p r e s e n t  d e p r e s s e d  s t a t e  of t h e  mining  

i n d u s t r y ,  l i m i t e d  b a c k f i l l i n g  i s  be ing  per formed.  A s  a  r e s u l t ,  

w a t e r  q u a l i t y  d a t a  t h a t  was i n d i r e c t l y  r e l a t e d  t o  b a c k f i l l  

d r a i n a g e  was used t o  h e l p  d e t e r m i n e  i f  any p o s s i b l e  d e g r a d a t i o n  

cou ld  r e s u l t  from t h i s  p r a c t i c e .  

Tab le  8 l i s t s  t h e  maximum a c c e p t a b l e  l e v e l s  f o r  t h e  v a r i o u s  

t o x i c  s u b s t a n c e s  of impor t ance ,  a l o n g  w i t h  t h e i r  p o t e n t i a l  h e a l t h  

e f f e c t s  caused  by over -exposure  . 
B a c k f i l l  S l u r r y  

Water t h a t  is mixed w i t h  t h e  m i l l  t a i l i n g s  t o  form t h e  

b a c k f i l l  s l u r r y  comes from e i t h e r  a  s e p a r a t e  f r e s h w a t e r  s o u r c e  o r  

r e c y c l e d  f l o t a t i o n  m i l l  e f f l u e n t  o r  bo th .  G e n e r a l l y ,  an e x t e r n a l  

w a t e r  supp ly  i s  o b t a i n e d  from a nearby  s t r e a m ,  a l t h o u g h  ground 

w a t e r  from s h a l l o w  a l l u v i u m  is o c c a s i o n a l l y  used .  Water from 

t h e s e  s o u r c e s  a r e  e s s e n t i a l l y  a b s e n t  of m e t a l s  and has  low 

c o n c e n t r a t i o n s  of d i s s o l v e d  s o l i d s .  T h i s  i s  e s p e c i a l l y  t r u e  of 

t h e  t h e  s u r f a c e  water s u p p l i e s .  Q u a l i t y  of r e c y c l e d  m i l l  w a t e r  

c a n  be more m i n e r a l i z e d  than  f r e s h w a t e r  s o u r c e s  because  of t h e  

tendency  f o r  v a r i o u s  i o n s  t o  c o n c e n t r a t e  a f t e r  r e p e t i t i v e  u s e .  

Composite Dra inage  from Mines 

Each i n d i v i d u a l  s o u r c e  of i n f l o w ,  whether  n a t u r a l  o r  

impor t ed ,  i n f l u e n c e s  t h e  o v e r a l l  q u a l i t y  of t h e  e f f l u e n t  removed 

f rom a  mine. Dra inage  from b a c k f i l l e d  s t o p e s  c o n t r i b u t e s  o n l y  

a b o u t  5 t o  10 p e r c e n t  of t h e  t o t a l  volume d r a i n e d  from a  mine 
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(Wahler ,  1 9 7 6 ) .  The d r a i n a g e  q u a l i t y  d a t a  f o r  v a r i o u s  mines is  

d i s p l a y e d  i n  Tab le  9. 

The mines t h a t  have low pH o r  a c i d i c  c o n d i t i o n s  p r e s e n t  i n  

t h e i r  d r a i n a g e  have a  s i g n i f i c a n t l y  h i g h e r  m e t a l  l o a d  than t h e  

mines  t h a t  have s l i g h t l y  a l k a l i n e  w a t e r s .  These i n c l u d e  t h e  Page 

Mine w i t h  e l e v a t e d  l e v e l s  of cadmium, i r o n  and l e a d ;  t h e  Bunker 

H i l l  Mine w i t h  s u b s t a n t i a l l y  h i g h  c o n c e n t r a t i o n s  of i r o n ,  

manganese,  l e a d  and z i n c ,  and t h e   lackb bird Mine which shows 

l a r g e  amounts of a l l  t h e  m e t a l s  a n a l y z e d  ( c o b a l t ,  c o p p e r ,  i r o n  

and manganese) .  Each of t h e s e  mines a r e  known o r  t hough t  t o  have 

h i g h  p e r c e n t a g e s  of p y r i t e  w i t h i n  some of t h e i r  o r e  b o d i e s .  

Three  of t h e  mines  w i t h  above n e u t r a l  pH l e v e l s  i n d i c a t e  

e l e v a t e d  c o n c e n t r a t i o n s  of c e r t a i n  m e t a l s .  D i scha rge  from t h e  

Morning P o r t a l  of t h e  Star-Morning Mine shows manganese and z i n c  

p r e s e n t  a t  r e l a t i v e l y  h igh  l e v e l s .  Raw e f f l u e n t s  from t h e  

Sunsh ine  and Galena mines i n d i c a t e d  s l i g h t l y  e l e v a t e d  l e v e l s  of 

l e a d .  The r e a s o n s  f o r  t h e  e l e v a t e d  o c c u r r e n c e  of t h e s e  m e t a l s  

under  a l k a l i n e  c o n d i t i o n s  i s  n o t  immedia te ly  a p p a r e n t ,  b u t  i t  i s  

p r o b a b l y  r e l a t e d  t o  t h e i r  r e l a t i v e  abundance i n  t h e  o r e  v e i n s  of 

t h e  r e s p e c t i v e  mines.  

Of t h e  mine d r a i n a g e s  t h a t  were a n a l y z e d  f o r  an t imony,  a l l  

of them show h i g h  c o n c e n t r a t i o n s  of v a r y i n g  p r o p o r t i o n s .  The 

s o u r c e  f o r  t h e  wide-spread p e r s i s t e n c e  of t h i s  e l emen t  i s  most  

l i k e l y  from an t imony- r i ch  t e t r a h e d r i t e ,  t h e  p r imary  s i l v e r  

m i n e r a l  p r e s e n t  i n  t h e  Coeur d 'A lene  D i s t r i c t .  

I n  acco rdance  w i t h  t h e  F e d e r a l  Clean  Water A c t  of 1972, EPA 

e s t a b l i s h e d  t h e  N a t i o n a l  P o l l u t a n t  D i scha rge  E l i m i n a t i o n  System 

(NPDES) program. T h i s  program, a s  i t  d i r e c t l y  a f f e c t e d  t h e  

mining  i n d u s t r y ,  r e q u i r e d  t h a t  t h e  q u a l i t y  of t h e  raw e f f l u e n t  

from a  mine s a t i s f y  i ts  s p e c i f i c  NPDES s t a n d a r d s  p r i o r  t o  be ing  

r e l e a s e d  t o  s u r f a c e  w a t e r .  T a b l e  10 s t a t e s  t h e  p r e s e n t  s t a t u s  of 

t h e  p e r m i t s  f o r  t h e  i n v e n t o r i e d  mines ,  a l o n g  w i t h  any r e l e v a n t  

d e s c r i p t i v e  d a t a .  Four  of t h e  m i n e s  have p r e v i o u s l y  been 

abandoned and a l lowed  t o  f l o o d .  The Dayrock Mine had an a c t i v e  

p e r m i t  p r i o r  t o  i t s  abandonment, b u t  i t  has  s i n c e  e x p i r e d .  I t ,  

a l o n g  w i t h  t h e  Page Mine, have been f l o o d e d  many y e a r s ,  b u t  



Table 9. Chemical Tinalysesl of Raw Mine Drainage 
( i n  micrograms p e r  l i ter)  

Discharge 
Mine Rate (gpm) pH Cd Cn Cu Fe Mn Pb Sb Zn 

Galena 160 7.8 90 - 10 7 20 90 700 2,000 190 

Page (WF) 0 . 3.3 133,600 - 410 60,300 2,900 51,100 3,900 600 

Bunker H i l l  1,600-2,500 3.3 300 - 300 59,000 69,000 2,300 - 120,000 

Cons. S i l v e r  140-690 8.7 1 - 7 - - 13 - 30 

Cayrock (WF) 0 7.9 80 - 10 450 100 150 9,700 70 
w " tucky Friday 750 8.9 90 - 10 200 150 160 2,000 60 

Star-Morning (WF) 10-870 7.9 
4 lo4 - lo4 405 1 6 , 4 0 0 ~  804 - 1 , 5 4 0 ~  

Sunshine 980 8.8 90 - 10 903 100 1,090 9,000 70 

Blackbird (A/F l7  <5-200 2.6 - 21,100 45,000 150,000 7,800 - - - 

A/F = Abandoned and Flooded (drainage a n a l y s i s  of mines which show no discharge were sampled p r i o r  to 
t h e i r  abandonment) 

1 = Acquired fram Ellsworth (1972), excep t  where annotated 
2 = Cmposite e f f l u e n t  a f t e r  r e t e n t i o n  i n  t a i l i n g s  pond, furnished by mine cperator 
3 = Mean va lues  a t  Kellcgg Por t a l  from Ralston,  e t  a l .  (1973) 
4 = Mean va lues  a t  Morning Por ta l  from 12-85 to 5-86 furnished by mine cpe ra to r  
5 = Collected a t  Morning For t a l  by IWiR on 6-2-86 
6 = Morning Por t a l  d ischarge  measured 12-85 to 5-86 furnished by mine cpe ra to r  
7 = Mean va lues  a t  6850 P o r t a l  f ran Baldwin, e t  al. (1978) 



Table 10. National Pollutant Discharge El imlnatlon System (NPOES) Permlts 

Explratlon Permlt Facl llty 
Appl lcant Mlne Permlt I Date Status Status Oescrlptlon of Outfall (1) Recel vlng Water 

ASARCO Coaur 000002-7 8-88 Actlve Actlve (002) Effluent from operating mine and S. Fork Coeur 

ml l l dtAlene Rlver 
Galena (001) Effluent from operatlng mine and Lake Creek 

mlll 

Bunksr Ltd. Bunker HI l l 000007-8 7 Revlew for Standby (006) Central Treatment Plant: Includes Bunker Creek 

Ranewa I mine dralnage from Kellogg Adlt 

Day Mlnes, Inc. Dayrock 0000 1 1-6 8-8 1 Explred W F *  (001) and (002) Effluent from previously Nlne MI le Creek 

active mlne and ml I I 
N 
\D 

Hec l a Cons. Sllver 000015-9 9-88 Actlve Standby (001 ) Effluent from operatl ng mlne and 5. Fork Coeur 

mIII d'Alene Rlver 

Lucky Fr I day 00001 7-5 7 Review for Standby (001) and (002) Effluent from operating S. Fork Caeur 
Renewa I mlne and mill dtAlene Rlver 

Star-Mornlng 000016-7 5-89 Request far A/F (001) Mine drainage from Star Adlt Canyon Creek 
Var lance (002) Mlne drainage fran brnlng Adlt 5. Fork Coeur 

dtAlene Rlver 

Sunshine Sunshlne 000006-0 6-81 Operatlng Standby (001 Effluent from operat lng mine and 5. Fork Coeur 

Under Explred dqAlene Rlver 
Perm l t 

Noranda Blackbird 002525-9 10-89 Request for A/F (001) Mine dralnage from 6850 Adlt Blackbird CFeek 

Var lance 

AfF = Abandoned and Flooded 
" = No apparent discharge from adlts 



n e i t h e r  a p p a r e n t l y  d i s c h a r g e  to t h e  l a n d  s u r f a c e  t h r o u g h  a n y  of  

t h e i r  a d i t s  or o t h e r  o p e n i n g s .  A s  a  r e s u l t ,  no NPDES p e r m i t s  a r e  

n e c e s s a r y  u n d e r  t h e i r  p r e s e n t  s t a t u s .  B o t h  t h e  S  t a r - M o r n i n g  a n d  

B l a c k b i r d  m i n e s  are  a l s o  i n a c t i v e  a n d  h a v e  b e e n  a l l o w e d  t o  f l o o d .  

However d i s c h a r g e ,  v a r y i n g  s e a s o n a l l y ,  o c c u r s  t h r o u g h  t h e i r  m a i n  

a d i t s .  P e r m i t s  o f  shut -down mode s t a t u s  a r e  i m p l e m e n t e d  a t  e a c h  

of  t h e s e  m i n e s .  T h e  res t  of t h e  m i n e s  t h a t  a r e  e i t h e r  a c t i v e  or 

on s t a n d b y  have  a c t i v e  NPDES p e r m i t s  or a r e  i n  t h e  p r o c e s s  of  

b e i n g  renewed .  

C u r r e n t  i n d u s t r y  p r a c t i c e  f o r  t h e  t r e a t m e n t  of  mine  d r a i n a g e  

i n v o l v e s  t h e  f o l l o w i n g  (EPA, 1 9 8 2 ) :  

1 )  The e f f l u e n t  is d i s c h a r g e d  t o  a  t a i l i n g s  p o n d .  

2 )  Lime is a d d e d  f o r  pH a d j u s t m e n t  t o  a l l o w  p r e c i p i t a t i o n  

of t h e  metals. 

3 )  A f l o c c u l a n t  is added  t o  p r o m o t e  t h e  s e t t l i n g  of  t h e  

s u s p e n d e d  s o l i d s .  

4 )  P a s s i v e  a e r a t i o n  h e l p s  to  r e d u c e  t h e  l e v e l s  of t h e  

c r e s y l  c o n t a i n i n g  compounds.  

5) The d e s t r u c t i o n  of  c y a n i d e  is  t h o u g h t  t o  o c c u r  f rom 

p h o t o - d e c o m p o s i  t i o n  by u l t r a v i o l e t  l i g h t  and  b i o c h e m i c a l  

o x i d a t i o n .  

Underground  S o u r c e s  of  D r i n k i n g  W a t e r  (USDW) 

Data a c q u i r e d  f r o m  t h e  IDWR w a t e r  r i g h t  f i l e s  a l o n g  w i t h  

i n f o r m a t i o n  on t h e  p u b l i c  w a t e r  s u p p l i e s  f u r n i s h e d  by t h e  I d a h o  

D e p a r t m e n t  o f  H e a l t h  a n d  W e l f a r e  ( I D H W )  were u s e d  i n  c o m p i l i n g  

t h i s  i n v e n t o r y  of  p u b l i c  g r o u n d - w a t e r  s u p p l i e s .  Most of  t h e  

s u p p l i e s  a r e  o b t a i n e d  f rom t h e  Q u a r t e r n a y  A l l u v i u m ,  t h e  p r i n c i p a l  

Underground  S o u r c e  o f  D r i n k i n g  W a t e r  (USDW) i n  b o t h  d i s t r i c t s ,  

a l t h o u g h  t h e  B e l t  S u p e r g r o u p  l o c a l l y  s e r v e s  as  a d e v e l o p e d  s o u r c e  

o f  g r o u n d  water. T a b l e  11 i s  a  l i s t i n g  of  t h e  m a j o r  p u b l i c  

g r o u n d - w a t e r  s u p p l i e s  t h a t  a r e  u s e d  i n  t h e  C o e u r  d l A l e n e  and  

B l a c k b i r d  Dis t r ic t s .  T h e i r  r e s p e c t i v e  g e o g r a p h i c  l o c a t i o n s  i n  

e a c h  d i s t r i c t  a r e  shown i n  F i g u r e s  6 a n d  7 .  

B e c a u s e  of  t h e  l a r g e r  p o p u l a t i o n  w i t h i n  t h e  Coeur  d ' A l e n e  

D i s t r i c t  and  t h e  g r e a t e r  d e g r e e  o f  d e v e l o p m e n t  of  g r o u n d  w a t e r  i n  
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Table 11. L i s t i n g  of Major Pub l ic  Ground-Water Supplies 

Max. Chemical Well 
No. Location Owner 

4 
pop.' ~ ~ u l t e r ~  T D ~  Rate Analysis Loq 

Coeur d'Al ene O i  s t r  i c t  

1 T48N RZE SO3ab 
2 SO5ab 

3 T48N RJE SOZbb 
4 S03db 

5 SO5da 
6 SO6ad 
7 S l3ac 

8 S513bd 
9 T48NR4E Sl8cb 

10 SZObc 
11 S2lcc 

12 T48N R E  Sl8db 
13 T49N R E  S35dc 

14 T49N R3E S3lcc 

1.13 TBN RIBE S25bc 

2-8 S35ac 
3-8 TZON RISE S07cd 

4-8 T20N R20E S l  Zac 

The Boat Restaurant ? 
Plnehurst Laundromat ? 
Loper's Trai  l e r  Park 45 
Byington T r a i l e r  Park 15 

S i l ver Val ley Estates 180 
PI k Kwl k Grocery ? 
Sunnysiope Subdivision 130 
Gene Day Park S 25 
Blue Anchor Tra i le r  Park 100 
ASARCO, Inc. 4 50 
M fi H T ra i l e r  Court 60 

Gem HI I I Water Group -30 
Val ley Center F l i c k  25 
McCreary's Trai  l e r  Park 65 

825 

Blackbird D i s t r i c t  

Mcbnald  F l a t  Campgrnd. 520 

Sa lnwn National Forest ? 
Cobalt Ranger Sta t ion  ? 
W l l  l l m s  Cr. Picn ic  Area ? 

0s 

Qa l 
Pa l (?)  

? 

Qa 1 
Both 
8s 

Qa 1 
Qa l 
Qa 1 

Qai(7) 
Qa I ( ? )  

BS 

BS(?) 

Both 38 E l 5  N Y 

Q a l ( ? )  45 €25 N Y 

? Spr. 7 N N 

Both 115' E2 N Y 

1 = Population served estimated by Department o f  Health d Welfare, except where annotated 

.r = estimated frw water r i g h t  f i l e  
S = seasonal use 

2 = A q u i f e r  abbreviat ions 
Qat = Quaternary A l  l u v l m  
BS = B e l t  Supergroup 

3 = Tota l  depth of we1 1 ( i n  f ee t )  

4 = T o t a l  discharge ( i n  gal lons per minute) determined from water r i g h t  f i l e ,  except 
where annotated 

= Determlned from graph o f  t o t a l  allowed r a t e  versus number of connections 

E = Estimate from wel l  log 
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t h e  a r e a ,  c e r t a i n  comments can be made r e g a r d i n g  t h i s  e x p l o i t e d  

r e s o u r c e .  Only ground-water  s o u r c e s  t h a t  a r e  used a s  a  common 

s u p p l y  f o r  m u l t i p l e  households  o r  a r e  f o r  g e n e r a l  p u b l i c  u s e  were 

i n c l u d e d  i n  t h e  i n v e n t o r y .  Many s h a l l o w  l a r g e  d i a m e t e r  w e l l s  a r e  

known t o  o c c u r  th roughou t  t h e  a r e a  and were n o t  i n c l u d e d  i n  t h e  

i n v e n t o r y .  However, a  m a j o r i t y  of t h e i r  s o u r c e  of w a t e r  i s  

though t  t o  be i n d i r e c t l y  d e r i v e d  from s u r f a c e  w a t e r  because  of 

t h e i r  p r o x i m i t y  t o  them. O r i g i n a l l y ,  most  households  o b t a i n e d  

w a t e r  f o r  d o m e s t i c  p u r p o s e s  from wells and s p r i n g s ,  b u t  w i t h  t h e  

advance of community s u r f a c e  w a t e r  s u p p l y  s y s t e m s ,  many were 

abandoned. According t o  a  p r e s e n t  p o p u l a t i o n  e s t i m a t e  of t h e  

Sou th  Fork v a l l e y  of 16 ,500 ,  o n l y  s l i g h t l y  o v e r  5  p e r c e n t  of t h e  

t o t a l  p o p u l a t i o n  a r e  t h o u g h t  t o  be  u s i n g  ground w a t e r  f o r  t h e i r  

p r imary  d r i n k i n g  w a t e r  s o u r c e .  T h i s  e s t i m a t e  i n c l u d e s  a n  

a d d i t i o n a l  10 p e r c e n t  a d j u s t m e n t  to  t h e  c a l c u l a t e d  p o p u l a t i o n  

t o t a l  of 825 i n d i c a t e d  i n  t h e  t a b l e .  

The r e s u l t s  of ground-water  sampl ing  performed by t h e  

Panhandle  H e a l t h  D i s t r i c t  and t h e  D i v i s i o n  of Environment ,  I D H W ,  

of s e l e c t e d  p u b l i c  d r i n k i n g  w a t e r  s u p p l i e s  i n  t h e  Coeur d l A l e n e  

D i s t r i c t  a r e  p r e s e n t e d  i n  T a b l e  12. Four  of t h e  t e n  ground-water  

s u p p l i e s  i n d i c a t e  e l e v a t e d  l e v e l s  of  c e r t a i n  heavy m e t a l s .  

Sample numbers 7 and 9, o r  t h e  Sunnys lope  S u b d i v i s i o n  and B lue  

Anchor T r a i l e r  P a r k ,  b o t h  of which a r e  l o c a t e d  on t h e  w e s t e r n  

edge  of t h e  town of  Osburn, showed h i g h  c o n c e n t r a t i o n s  of cadmium 

i n  mid-1981. A l so ,  sample number 11 o r  t h e  M & H. T r a i l e r  Cour t ,  

l o c a t e d  n e a r  t h e  town of S i l v e r t o n ,  had c o n c e n t r a t i o n s  of mercury 

approach ing  t h e  maximum con taminan t  l e v e l  i n  A p r i l ,  1980. And 

f i n a l l y  sample number 13 ,  o r  t h e  V a l l e y  C e n t e r  F l i c k ,  l o c a t e d  

j u s t  e a s t  of t h e  town of S m e l t e r v i l l e ,  had z i n c  l e v e l s  t h a t  

g r e a t l y  exceeded  t h e  recommended s t a n d a r d s  i n  1978. 

P o l l u t i o n  s o u r c e s  t h a t  have caused  t h e  poor  q u a l i t y  w a t e r  

e x p e r i e n c e d  a t  t h e s e  s i t e s  a r e  most l i k e l y  of e x t e r n a l  o r i g i n  

than  from w i t h i n  t h e  mine o r  b a c k f i l l e d  s t o p e s .  T h i s  would 

c e r t a i n l y  be t r u e  a t  t h e  s i t e s  n e a r  p r e s e n t l y  a c t i v e  mines .  

Because of t h e  d r a i n i n g  e f f e c t  t hey  p roduce  on t h e  l o c a l  f low 

reg ime,  a l l  ground-water  movement is towards  t h e  mine and n o t  



Table 1 2  Chemical Analyses of Public Ground-Water Suppl les 

( I n  micrograms per l i t e r )  

I 
No. DateSampled EC Ag As Cd Cr Cu Fe Hq Mn Pb Se Zn 

0 
1 = E l e c t r i c a l  Conductance, i n  micromhos per centimeter a t  25 C 

2 = Most recent o r  only analysis 

Note: The respect ive locat ions of the USDW's are shown i n  Figure 6A. 



away. T h e r e f o r e ,  t h e  p o t e n t i a l  f o r  p o l l u t a n t s  w i t h i n  a  mine t o  

impac t  a  USDW a r e  r e s t r i c t e d  t o  t h e  mines compos i t e  d r a i n a g e  

af t e r  i t  is  d i s c h a r g e d  t o  t h e  t a i l i n g s  pond. The p r imary  

c o n t a m i n a n t  s o u r c e s  t h a t  a r e  c o m p l e t e l y  s e p a r a t e  of a  m i n e ' s  

i n t e r i o r  i n c l u d e  seepage  from p o o r l y  s e a l e d  t a i l i n g s  ponds ,  

l e a c h i n g  of emplaced o r  reworked ( j i g )  t a i l i n g s ,  and i n  c e r t a i n  

a r e a s  l e a c h i n g  of s m e l t e r  was t e .  

Ground-water q u a l i t y  d a t a  of t h e  f o u r  s e a s o n a l l y  used  w a t e r  

s u p p l i e s  p r e s e n t  i n  t h e  B l a c k b i r d  D i s t r i c t  was n o t  a v a i l a b l e .  

However, because  of t h e i r  d i s t a n c e  from t h e  B l a c k b i r d  Mine a l o n g  

w i t h  t h e i r  p r o b a b l e  u p - g r a d i e n t  l o c a t i o n s ,  p o t e n t i a l  contamina- 

t i o n  caused  by any of i t s  b a c k f i l l i n g  a c t i v i t i e s  is  u n l i k e l y .  

CONCLUSIONS 

Undoubtedly some h y d r o l o g i c  communication e x i s t s  between t h e  

B e l t  Supergroup and t h e  Q u a t e r n a r y  Alluvium. A t  t h e  p r e s e n t l y  

f l o o d e d  mines ,  depending  upon t h e  new e q u i l i b r i u m  e s t a b l i s h e d  

w i t h i n  t h e  s u r r o u n d i n g  f l o w  regime,  ground wa te r  may move through 

t h e  b a c k f i l l e d  s t o p e s  and p r o g r e s s  down-gradient  t o  an 

underground s o u r c e  of d r i n k i n g  w a t e r .  However, i n  t h e  a c t i v e l y  

dewa te red  mines ,  a l l  movement of  ground w a t e r  is  towards  t h e  mine 

because  of t h e  d r a i n i n g  e f f e c t  t hey  produce  on t h e  l o c a l  f l ow 

reg ime.  

The now i n a c t i v e  B l a c k b i r d  Mine may have unsubmerged 

b a c k f i l l e d  s t o p e s  t h a t  c o u l d  supplement  a c i d  p r o d u c t i o n  w i t h i n  

t h e  mine.  Dra inage  from B l a c k b i r d  is d i v e r t e d  to  t h e  main 6850 

a d i t ,  where i t  is s e n t  f o r  s u b s e q u e n t  t r e a t m e n t .  The o t h e r  mines 

t h a t  have been a l lowed t o  f l o o d ,  which i n c l u d e  t h e  Page,  Dayrock, 

and Star-Morning,  have used  sodium c y a n i d e  i n  t h e i r  f l o t a t i o n  

m i l l s  and a s  a  r e s u l t  some c y a n i d e  r e s i d u e  may o c c u r  w i t h i n  t h e  

b a c k f i l l  m a t e r i a l .  

RECOMMENDATIONS 

S i n c e  no s i t e - s p e c i f i c  d a t a  c o n c e r n i n g  t h e  p r e s e n c e  of 

c y a n i d e  i n  b a c k f i l l  d r a i n a g e  i s  a v a i l a b l e ,  a  s h o r t - t e r m  sampling 

program i s  recommended a t  t h e  mines where sodium c y a n i d e  has  been 
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used  i n  t h e  f l o t a t i o n  m i l l s .  Sampling a t  t h e  mines t h a t  cu r -  

r e n t l y  b a c k f i l l  s h o u l d  t a k e  i n t o  a c c o u n t  any p o t e n t i a l  e f f e c t  of 

r e s i d e n c e  t ime a f t e r  b a c k f i l l  emplacement.  Such a  d i s c r i m i n a t i v e  

approach  i s  n o t  p o s s i b l e  a t  t h e  f l o o d e d  m i n e s ,  a l t h o u g h  sampl ing  

of t h e i r  compos i t e  w a t e r  w i l l  y i e l d  mean ingfu l  r e s u l t s  a s  t o  t h e  

o v e r a l l  p r e s e n c e  of c y a n i d e .  

Because  of t h e  l a c k  of d a t a  r e g a r d i n g  t h e  c r e s y l  group 

c o l l e c t o r s ,  sampl ing  i s  a l s o  s u g g e s t e d  a t  t h e  mines t h a t  have 

used  t h e s e  r e a g e n t s .  
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APPENDIX 

H y d r a u l i c  B a c k f i l l  Assessment  Q u e s t i o n n a i r e  

Company Name : 

Address:  

Te l e p  hone Number : 

Personne l  - Mine S u p e r v i s o r :  

Envi ronmenta l  O f f i c e r :  

Hydrau l i c  B a c k f i l l  Engineer :  

Name of Mine: 

Loca t ion  ( l / 4 ,  l / 4 ,  Sec . , Twp . , Rge . ) : 
S t a t u s  of O p e r a t i o n :  

Gene ra l  C h a r a c t e r i s t i c s  of Mine 

Type of o r e  mined: 

Hos t  rock  f o r m a t i o n :  

Gene ra l  l i t h o l o g y :  

Approximate s u r f  a c e  e l e v a t i o n  ( f  t .  ) : 

T o t a l  d e p t h  of mine ( f t . ) :  

Approximate t o t a l  volume of mine ( c u .  f t .  ) :  
( i n c l u d i n g  f i l l e d  s t o p e s )  

H y d r a u l i c  B a c k f i l l  P r a c t i c e s  

Date of  i n i t i a l  u s e  of b a c k f i l l  p r a c t i c e :  

S h a l l o w e s t  e l e v a t i o n  of b a c k f i l l e d  s t o p e s :  

Number of b a c k f i l l e d  s t o p e s  p r e s e n t :  

Average d imens ions  of  b a c k f i l l e d  s t o p e s :  

Source  of w a t e r  u sed  i n  sand s l u r r y :  

Volume of w a t e r  used  d a i l y  ( g p d ) :  
( i n c l u d e  max. and min . )  

*Chemical q u a l i t y  of s o u r c e  w a t e r :  

Mineralogy of b a c k f i l l  m a t e r i a l :  

*Chemical q u a l i t y  of w a t e r  d r a i n e d  from b a c k f i l l e d  s t o p e s :  



D e s c r i p t i o n  of r e a g e n t s  u s e d  i n  o r e  e x t r a c t i o n  p r o c e s s :  

Mine D e w a t e r i n g  P r a c t i c e s  

Volume o f  w a t e r  removed f r o m  mine  d a i l y  ( g p d ) :  
( i n c l u d e  max. a n d  m i n . )  

* C h e m i c a l  q u a l i t y  of  cornposi  t e  w a t e r :  

F a t e  of  w a t e r  removed f r o m  m i n e  

R e c y c l e d  ( y e s / n o ) :  

D i  s p o s a l / t r e a  t m e n t  method:  

Ver t ica l  d i s t r i b u t i o n  of  n a t u r a l  i n f l o w  i n t o  mine :  
( e l e v a t i o n  a n d  a p p r o x i m a t e  f l o w )  

* C h e m i c a l  q u a l i t y  of  n a t u r a l  water: 

p r o p o s e d  Mine Abandonment P r o c e d u r e  

W i l l  m ine  b e  f l o o d e d ?  

E s t i m a t e d  t o p  e l e v a t i o n  o f  submerged p o r t i o n  of mine:  

W i l l  a l l  b a c k f i l l e d  s t o p e s  b e  submerged?  

Method o t h e r  t h a n  f l o o d i n g  t o  b e  u s e :  

A d d i t i o n a l  Notes 

Does t h e  mine  h a v e  a n y  l o c a l i z e d  a c i d i c  c o n d i t i o n s  fo rmed  

f r o m  t h e  o x i d a t i o n  o f  p y r i  t i c - r i c h  g a n g u e ?  

* P l e a s e  a t t a c h  a n y  c o p i e s  of  w a t e r  q u a l i t y  a n a l y s e s .  

(pH,  s p e c i f i c  c o n d u c t a n c e ,  t race e l e m e n t  c o n c . ,  e t c . )  


